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SUMMARY

G

dea + n,f::

The Electro-Optical Rectifier (EOR) is a slit-scan coptical-
projection rectifier capable of rectifying oblique frame, strip, and
panoramic photography. Image transformations are accomplished by
programmed motion of the lens carriage, copy platen, and copy carriage.
While the EOR has been a useful instrument, its present control system

has become obsolete.

The EOR Update Study covered an engineering analysis of the present

system, study and evaluation of alternate system designs, and develop-

ment of a preliminary design for an improved EOR system. In the
initial phase of the study, an engineering analysis was performed on

an EOR system at the Defense Mapping Agency Aerospace Center (DMAAC),

St. Louis, Mo. Tests were performed to determine system capabilities

g

5
L ot A . - e
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and limitations. Alternative techniques, components, and equipment

R

were then investigated to determine their applicability to the EOR
system, and cnmparative evaluations were made to select the most
- promising combination of improvements. Based on this efrfort, a

preliminary design was developed for an improved EOR system.

1 In the preliminary design, a dedicated digital computer would

' : perform both the rectification calculations and system control functions
in real time. This independent controller system would provide more

! reliability and flexibility than the present numerically controlled

! rectifier system. To facilitate initial program development and future

& program expansion, a disk operating system is recommended. Other design

é features include replacement of the present analog servo electronics

: with a digital servc system, replacement of gear boxes in the carriage

drive systems to reduce backlash, replacement of carriage and platen

motors and tachometers with modern high-performance motor/tachometers,

and replacement of the present drum drive system with a servo drive

system that allows computer control of drum velocity.
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EVALUATION

The Flectro-Optical Rectifier (EOR) is presently the only production
oriented rectifier within the DOD mapping and charting community with the
capability to transform both color and black and white aerial imagery
from virtually any camera system. The production efficiency of the system
has been seriously impaired due to frequent component malfunctions. It
has become increasingly apparent over the past several years that the only
approach available for continuing the functional life of this vital piece
of production hardware would be to update the system. Therefore, the
subject effort was undertaken to determine where modifications could be
implemented to provide a highly reliable system capable of functioning in
a production environment. The engineering analysis identified the de-
ficiencles within the hardware which if corrected would significantly
improve system reliability and maintainability. These deficiencies and
proposed modifications for alleviating them are documented in this final
report.

The final report is an integral part of the follow-on effort which will
provide for the upgrade of all EOR systems. The upgrade will remedy the

system's deficiencies allowing the EOR's to continue in a very useful

production role.

\—%J ALL yj/fl.vl‘,d tw

JAMES R. TREMLETT
Project Engineer
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SECTION I

INTRODUCTION AND SUMMARY

This report documents work performed on the Llectro-Optical Rectifier
’ (EOR) Update study. The purpose of the study was to deterwmine modifications
which could be made to present EOR systems to improve their flexibility,
reliability, and mairtainability; and thereby increase their functional
life., Study work included experimental tests to determine certain para-
Pl meters of the present EOR units, analysis to determine the feasibility of
3 various approaches to system improvement, and preliminary design work on
recommended improvements. A preliminary design for an improved EOR system

was established., The design is based on a digital coatrol computer and
digital servo systems.

1.1 INTRODUCTION

;%l 5 The Electro-Optical Rectifier (EOR) is a slit-scan, optical-projection
R i rectifier capable of rectifying a broad range of photographic materials.

=y . i Its theory of operation is based on optically transferring imagery lying

= . along lines of constant scale in an input photograph to an output film.,

i ] Rectification 1is accomplished by illuminating a line across the input

photograph and imaging this line onto an output film,using a single lens.
The input photograph is mounted on a stage which scans the photograph
across the illumiaated line in a direction normal to the line. As the

§ input photograph is scanned, the output film is advanced by the motion of
! a rotating drum. A two-dimensional image is thereby transferred from the
i input photograph to the output film. During this process, magnification

£ along the line (optical magnification) is varied by changing the positions
of the lens and photograph with respect to the output film. Magnification
normal to the line (in the direction of scanning motion) is varied by

changing the scanning velocity of the input photograph with respect to the
fixed velocity of the output film,

p———
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Although this EOR concept has been very successful, the present EOR
concrol system has become obsolete. EOR systems have exhibited sensi-
tivity to adjustment, and poor reliability and maintainability. Errors
and physical imperfections in paper tape, which is generated by a sepa-
rate computer system to drive the EOR, have also limited the effectiveness
of the system. The EOR improvement study documented in this report was
undertaken to determine solutions to these and other problems, and to
develop a preliminary design for an improved EOR system,

i | ik \ T e L
TN iy & T B IIAN

b
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1.2 STUDY APPROACH

1t was determined at the beginning of the program that the improved
EOR system should incorporate digital servo systems and a digital control
computer to achieve the basic objectives of the retrofit program. The
study effort was, therefore, directed toward examining alternatives and

e

rent approaches to digital computer control cf the EOR system were
investigated. The first approach is based on having the EOR system com-
pletely independent from other systems. With this approach, the control
computer does the rectification calculations in addition to controlling
the hardware during rectification. The second approach is based on per-
forming the rectification calculations on the 1108 computing system as

Since a preference for the independent system approach was indicated by

concentrated on this approach.

- A major component in the improved EOR system is the control com-
puter programs. These programs must function in real time to control the
8 operation of the EOR. A significant part of the study effort was, there-
Q@ ' fore, devoted to the definition of a program structure and various pro-
g

must be written in FORTRAN, a benchmark rectification program was coded
and tested on a Digital Equipment Corporation (DEC) 11/35 computer. This

e ¥

program structure with respect to real time operation.

| Several different computers were considered for the EOR task. The
alternatives were compared on the basis of cost and ease of interfacing.
A study was performed to determine how to interface the various computers
; to servo logic and parallel input/output hardware which has already been

7
L e e S v o
— -

T e

e

e
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signals required to drive the EOR hardware with the computer.

oy

| A servo derign study was performed to determine servo control
were performed on the present EOR systems to determine certain key

to operate the various mechanical drive systems of the EOR. Analysis was

B I B e e et

specific servo components were identified (manufacturer and model number)
for the servo systems.

r | A survey of presently available process lenses was conducted to

1-2

is presently done, and driving the EOR with the 1108 output magnetic tape.

gram modules of the improved EOR system. Since the rectification programs

experimental activity established the feasibility of certain approaches to

developed by Bendix. The study included definition of the various control

requirements of the EOR and to establish preliminary servo designs. Tests

i performed to determine specifications required for new servo systems, and

determining design parameters within this framework rather than considering
a large set of different alternatives. In the study, two basically diffe-

i DMAAC representatives early im the program, most of the design study effort

characteristics of the present EOR servos and to deturmine torques required

! find off-the-shelf replacement lenses which would increase light through the
EOR optics. The possibility of using a single lens to cover the magnifica-
tion range of 0.6X to 6X was also examined. The light source and condenser

A —————
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optics were studied with the objectives of increasing light and/or
achieving a better color reproduction capability.

As part of the overall system design study, various mathematical
analyses were performed. These included analyzing effects of slit width
and carriage position errors on resolution, and determining relat onships
between carriage position errors and output geometric errors of the EOR.

1.3 SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS

The recommended approach to digital computer control of the EOR sys-
tem is to have the computer perform both the rectification calculations
and the system control functions in real time. This independent controller
system approach provides the most reliability and flexibility. For com-
patability with readily available servo interface equipment it is recom-
mended that the PDP 11/35 be selected for the control computer. To facili-
tate initial program development and future program expansion, a disk
operating system such as DEC DOS/BATCH is recommended.

It is recommended that the analog servo electronics be replaced
with digital servo systems. Gear boxes in the copy and lens carriage drive
systems should be replaced to reduce backlash. Carriage and platen motors
and tachometers should be replaced with modern, integral motor/tachometer
units for higher torque, improved dynamic accuracy, ard longer life. It is
also recommended that the present drum drive system be replaced with a
servo drive system to allow computer control of drum velocity.

With some modification of the lens turret and copy carriage cable
routing it is possible to use a single 10-3/4 inch focal length lens to
cover the range of 0.6X to 6X optical magnification. A possible lens for
this purpose is presently available from Rolyn Optics. Other lenses
having larger apertures which might be used to replace the present lenses
are also available. None of these lenses have been tested for resolution,
so their use in the EOR would be experimental.

A higher power mercury lamp is available for increasing light in
the EOR system, but its use is not recommended because of increased heat
and the need for a new high voltage power supply. Use of xenon lamps in
the EOR is also not recommended because of the large amount of infra-red
energy they radiate. With a servo controlled print drum, better color
reproduction can be obtained by using color correction filters on the
present lamp and running the drum at a slower speed.

1.4 SUMMARY OF REPORT

Section 2 of the report documents the various project studies. Each
subsection of Section 2 discusses specific study results, ccnclusions
and recommendations. In Section 3 the various conclusions and recommenda-
tions of Section 2 are summarized. Appendix A presents a derivation of
image motion smear transfer function, and Appendix B consists of benchmark
program listings. Appendix C presents a description of the recommended
system preliminary design.

1-3
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SECTION 2

EOR STUDY

This section documents the various studies which were performed as
parts of the overall EOR study. Section 2.1 discusses the system
approaches which were considered during the study. Section 2.2 discusses
various factors which affect the selection of the control computer and a
suitable set of peripheral devices. Section 2.3 documents the computer
programs study. Results of benchmark program runs of a frame rectifica-
tion program are presented in this section. Section 2.4 documents a
study which determined how to interface the EOR to the various control
computers. The servo design study is documented in Section 2.5; this
section includes results of the various tests performed on the servos
of the present EOR system. Section 2.6 presents results of study effort
on optical components of the EOR. This section discusses the possible
use of a single lens to cover a magnification range of 0.6X to 6X. In
Section 2.7 several mathematical analyses which were performed as part
of the EOR study are presented. These include analyses of the effects
of slit width and carriage position errors on resolution, and the
relationships between carriage position errors and output print errors.

2.1 EOR SYSTEM CONTROL ALTERNATIVES

In the EOR system study, two .acically differeut approaches to
implementing computer control of the EOR were considered. The first
approach, which is the preferred one, utilizes a computer control system
which is completely independent of other systems. The second approach
is conceptually similar to the present system where rectification
computations are done off-line on the 1108 computer system and the EOR
system is driven by a data tape. Because DMAAC personnel indicated a
preference for the independent controller, study effort was concentrated
on this approach. The following paragraphs discuss the two basic system
alternatives and some of their variations.

2.1.1 Independent Controller System

The independent controller system apprcach results in an
EOR rectifier system which is completely self-contained. It requires
no external preprocessing of information prior to the rectification
operation. Such a system might consist of a control computer with a
disk operating system, a cartridge disk unit, a CRT terminal for entry
and display of data, an operator control panel, and an interface through

which the EOR is controlled. Programs within the control computer generate

print drum velocity, and solve the requisite rectification relationships
in real time to control the positions of the print drum, copy platen,
copy carriage, and lens carriage. A set of rectification programs is
available in the computer system to provide rectification of a variety
of photograph types such as oblique frame, panoramic, and strip. The
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ams are written in FORTRAN so that the user of the EOR

or add to the set of rectification programs.

ontrol the EOR servos are written in assembly

ed for speed of execution. The functions

de servo rate limiting, acceleration limiting,
are independent of the rectification

rectification progr
system can easily modify
Programs which actually c
level language and are optimiz
of these programs, which inclu
and servo position error compensation,
geometry and need not be modi
rectification mode programs,
and maintenance.

fied by the user. In addition to the
the system includes programs Ffor calibration

To operate the independent controller system, the operator
enters rectification parameters through the CRT terminal. He then mounts
and aligns the photograph on the copy platen, and loads the film drum.
Depressing a START button then causes the system to generate a rectified
print on the output drum according to the selected rectification program
and the parameters entered for that program. When finished, the system

stops and signals the operator.

The primary advantage of the independent controller system

is that it is self-contained and does not rely on the availability of an
off-line preprocessing computer for generation of servo commands. Since
rectification computations are done in real-time during the printing
operation, the production time associated with this step is eliminated.
Elimination cf the time lag between rectification calculation and print-
ing also gre:ztly reduces turn-around time for runs which must be repeated
because of inadvertant use of wrong parameters or other such unpredict-~
able events. Since no physical storage medium such as paper tape Or
magnetic tape is used to convey servo commands from the rectification
calculations to the servo controller, repeat runs due to tape errors are

eliminated.

ler system, rectification programs

In the independent control
library subroutines during

are written in FORTRAN and utilize FORTRAN
execution. The control computer for this system must, therefore, have

a software operating system and the necessary peripherals to support
FORTRAN programs. Since part of the programs are written in assembly
language, the system software must also allow for mixing (linking)

FORTRAN and assembly language programse. Because the programs must control
the EOR in real time, the control computer must be capable of executing
instruction rapidly, implying the use of hardware rather than software
for arithmetic functions such as multiply and divide, and possibly also
for floating-point arithmetic. All of these necessary or desirable
features require a more expensive control computer system than that which

might be used with a simpler system.
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With the independent controller system approach, certain
variations in operating modes are possible., It is possible, for example,
to perform a rectification run without actually printing. This is useful
to detsrmine whether or not EUR physieal lindes are excecded without
ruining a piece of film. The trial run can be made at a faster-than-
normal speed with the servos disconnected (in software) so as not to
waste time. It iIs also possible to perform the rectification calculations
and control printing as two separate operations. The FORTRAN rectification
programs can be run and the resulting servo commands stored on the disk.
Ttiis program run nmeed not be made in real-time. As a scparate operation,
the data on the disk can be played back to control the servos for printing.
This approach has the advantage of not requiring fast computer hardware.

If the system is equipped with a magnetie tape unit, it would be possible
to configure the independent controller system as a tape driven system
(described in the next section) which could use tapes generated by either
itself or the 1108 systen., Secause of its nany advantages, the indepen=
dent controller system is recommended for the improved EOR system, and is
described in more detail in Appendix C.

2,1.2 Tape-Driven Controller System

The tape-driven controller system is conceptually similar
to the present EOR system, In this system, rectification computations to
determine carriage commands are done on the 1108 using the present 1108
EOR programs. The magnetic tape output, however, is used directly to
drive the EOR system, eliminating the paper tape conversion step of the
present system. The tape-driven controller system could consist of a
small control computer, a CRT terminal for data entry and display, an
operator control panel, a magrnietic tape unit to read the 1108 output
drive tape, and an interface through which the EOR hardware is controlled.
In such a system, the control computer reads position commands from the 1108
magnetic tape and drives the various servos accordingly. The computer pro-
grams interpolate between the coarsely recorded points from the drive tape
to produce smooth servo motion. Other real time functions performed by
the prograws ifuclude servu veloclity 1llmiting, acceleratlon liwiting, and
position error compensation. In addition to the programs which control
printing, there are programs for maintenance and calibration of the system,

To perform a rectification run on the tape-driven system,
the operator mounts the 1108 drive tape on the magnetic tape unit, posi-
tions the photograph on the copy platen, and loads the film drum. Using
the CRT terminal as a communication device, the operator then reads the
first magnetic tape block and initializes the servo positions. Since the
print drum is servo controlled, the operator can enter an arbitry print
velocity. Depressing a START button on the control panel then causes the
system to read position data from magnetic tape and drive the various
servos accordingly. During the rectification run, servo positions can
be displayed in real time on the CRT terminal.




The computer is programmed in assembly language for speed optimization.

[
-

The primary advantage of the tape controlled system is its
lower cost. Sinee the computer is not required to run FORTRAN programs
in real time, the computer hardware and operating system can be simple.

Additions to or modification-of the rectification programs are done on
the 1108 so the LUR control computer system does not have to be eon-
figured for ease of program modification. -

While there are cost savings of the tape-driven system with
respect to the independent controller system, these savings are not great.
Hardware cost savings are not large. During the computer programs study,
the mathematical model of the present EOR programs was reviewed. If a
limited set of these programs such as linear enlargement, frame, panoramic, L
and strip were all that is required, the FORTRAN programming effort \
required would not be great. The fact that the tape-driven system would

not require rewriting these FORTRAN programs is, therefore, not a great *,

advantage.

2.1.3 Dual System Controller

With either the self-contained system or the tape-driven
system, there is a possibility of using a single computer to control
two EOR systems. In such a system, the control computer and its resources
would be time-shared between two sets of programs. This possibility
was not pursued in depth in the study, but certain observations can be .
made about this approach.

The computer programs for the dual system would be much -
more complex than for the single systems. Although system software is
available from computer manufacturers for running multiple real time
programs on a single computer, it is not clear that the programs could
be run fast enough on a small computer to do an adequate job of servic-
ing the servos. Experience with a similar system where a stereoplotter
and printer were controlled simultaneously indicates that it is possible,
but special programming was used. In the plotter/printer system, all
programs were written entirely in assembly language (no FORTRAN), including
a task scheduler. No operating system was used (except for certain I/0
service routines), so operating system overhead was minimal. This system
used a PDP 11/45 with floating-point processor.

i a2

In addition to the increased programming difficulty, the
dual system controller concept has certain operational shortcomings. In
the event that one of the EOR units required service, it would be cumber-
some at best running diagnostics and other maintenance programs simulta-
neously with production on the other unit. One can, of course, provide
separate CRT terminals, etc. for each unit, and structure the maintenance
programs for dual operation also, but this increases the cost of the system. 4
If the control computer malfunctions, of course, neither system can be
used for production.
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Evaluation of this approach is a matter of weighing its
disadvantages against the cost savings obtained by only having to pur-
chase one computer system, In the case of the independent controller
system, the price of a computer, disk unit, and CRT terminal can be saved.
In the case of the tape-driven system, the price of a computer and CRT

terminal can be saved, but two magnetic tape units would still be required

for simultaneous rectification operation.

2.2  CONTROL COMPUTER AND PERIPHERALS

Hardware and software must be chosen to optimize EOR systems for
production. Speed, reliability, and ease of operation are necessary
characteristics for the new EOR systems.
device-set/software combination that best achieves these characteristics
is different for the various EOR system control alternatives mentioned in
Section 2.1. In the following paragraphs the selected optimum combination

for each alternative is discussed. Requirements of the first, develop-
mental system are mentioned also.

2.2,1 Independent Controller System

The independent controller system approach requires a fairly
sophisticated computer capable of handling a variety of tasks. It must be

fast enough to solve the requisite rectification calculations for real time

control of the print drum, copy platen, copy carriage, and lens carriage.
Such speed requirements suggest that the computer should be equipped with
hardware arithmetic functions.
language multiplies, divides, and floating-point operations take time to

design and code, and are much slower than correspondiug hardware functions.

Rectifier outputs must be accurately spaced time-wise in
order to provide efficient, smooth servo motion.
must have a cloc™ interrupt feature with outputs occurring at the start of
each clock cycle. Custom-designed interfaces between the computer and the
rectifier unit should be readily accommodated. Also, the rcomputer should
support a wide range of peripheral devices for both I/0 and storage, and
provide for adding a sufficient amount of easily accessed memory.

Software configuration requirements for the computer are
threefold. First, there must be diagnostic programs capable of testing
the equipment supplied by the computer's manufacturer, Second, there must
be adequate system software available for developing application programs.
A text editor, an assembler, a FORTRAN compiler, a linker, and a debugger
are essential., The linker must e able to link overlay structures and
FORTRAN programs with assembly .....  programs., Third, there must be

a software operating system which runs n conjunction with application
programs to support FORTRAN. If the op' "ating system also provided inter-
action with all peripheral devices, it would save a great deal of effort
in designing and coding the application programs. All of the computer's
software should be able to be purchased on a suitable medium; i.e., the
peripheral device required for loading system software into the computer
should be able to be used for other purposes in the EOR system.

2=5

The specific computer/peripheral-

Software subroutines to accomplish assembly

Consequently, the computer
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A search for those marketed computers most suitable for the
independent controller system resulted in three possibilities. Judged to
be interchangeable, the three computers are Digital Equipment Corporation's
PDP-11/35, Modular Computer System's MODCOMP 11/25, and Data General
Corporation's Nova 2/10. Any one of the three would serve the purposes

of the new EOR system well.

All three computer manufacturers offer disk operating systems
for the computers selected. Disks are tremendous time-saving and, there-

fore, cost-saving devices. Upon execution of the application programs, time

is saved because the basic program and subsequent overlays take only a few
seconds to load from disk into memory. Loading programs from paper tape
can be a lengchy task taking many minutes. If a random overlay structure
is used with paper tape, the operator must be responsible for positioning
the paper tape at the overlay to be read next., With a disk system the
operator need not even be aware that an overlay structure exists.

During the development of application programs the time-
saving feature of a disk is particularly evident. The disk serves as
the storage medium for all system software required for program develop-
ment as well as for the application programs themselves. A system soft-
ware program, such as the editor, loads from disk into memory in seconds.
Once the editor is resident in memory the programmer easily reads
part of the application programs into memory, makes changes or additions
to it, and stores the new version back on disk. Editing, assembling
or compiling, and linking all are more rapidly performed. Because of
the ease with which programs are modified, changes probably are made
more often than if a paper tape or a magnetic tape medium were being used.
With a paper tape system the tendency is to put program changes on short
patch tapes in order to avoid punching the entire program. Keeping track
of which changes are on which patch tapes is an arduous bookkeeping task.
When many patch tapes accumulate or no more modifications need be made,
the changes on the patch tapes are incorporated into the one long pro-
gram tape. Sometimes a change is forgotten, causing redundant program
debugging to occur. With both magnetic tape and paper tape systems,
program bugs are cften fixed temporarily by changing the erroneous words
in memory after the program is loaded. These changes are made by way
of the debugger or computer console and are in machine language. The
machine language code is difficult to determine, and the determination in

itself is error-prone.

Beyond saving time, a disk can also save memory space.

Data required only at specific points during the execution of the applica-

tion programs can be stored in files on disk and read into memory only
as needed. Additionally, the disk can provide for intermediate storage

of unique data produced during the program run.
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A removable cartridge disk is judged to be a necessary
peripheral device for the independent controller system. Other devices
deemed necessary are a CRT terminal, a teletype, and one magnetic tape
unit. A terminal is required to provide for communication between the
operator of the EOR system and the programs. The operator enters para-
meters and directives by way of the terminal, and the program prints
informative messages to the operator by way of the terminal. In the
independent controller system such required communication is profuse,
Consequently, the most suitable terminal for the system is a CRT termi-
nal because it has the advantage of being much faster on output than
mechanical terminals. Messages that are longer and more complete can
be printed by the program with no waste of time. Alsvo, a continuous *
dynamic display of changing data is feasible only on a CRT terminal

(with an addressable cursor). During development of the EOR programs b,

the CRT would be used by the programmer to communicate with the computer's
system software. Because of its speed, the CRT terminal would save
program development time,

A teletype or scme other printer is truly necessary only
for program development. The programmer must have some way of obtaining
hardcopy listings of the EOR programs. Although a teletype is a re-
quired purchase for the first EOR system alone, it is easy to envision
its usefulness on all production systems. For example, it could be
used to produce a hardcopy of information resulting from a rectification
run or calibration run. Furthermore, its paper tape feature could pro-
vide for entering parameters by way of paper tape as an alternative to
the operator typing them into the computer by way of the CRT terminal.

Backup copies of the disk should be made periodically as
insurance against the destruction of disk contents. The frequency with
which copies are made depends on how often changes are made to disk '
contents. On the EOR system, for example, a disk save should be per-
formed whenever the carriages are recalibrated, since a new set of cali-
bration data then exists in a file on the disk. Magnetic tape is a good
medium on which to save disk contents. If the EOR production systems
are in close proximity to one another, only one need have a magnetic
tape unit attached to it. The disks for all of the EOR systems can be
copied onto magnetic tape at that one system. The only incovenience,
then, is a necessity to schedule disk-saving sessions,

Another use for magnetic tape stems from the fact that the
computer's disk operating system software can be purchased on magnetic
tape for transference onto the disk. Therefore, a nine-track, industry-

standard magnetic tape unit should be part of the first, developmental
EOR system,
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2.2.2 Tape-Driven Controller System

g

'3 The requirements of the tape-driven controller system call «
; for a computer from the same class as the computer for the independent con-

oy troller system with the difference tliat fiwer hardware features need be |
; purchased as part of the computer package. In other words, the three -

3 computers selected for the independent controller system are also appro-
priate for the tape-driven controller system, except possibly for the
MODCOMP II/25, which could be changed to a 1/25., Hardware arithmetic
functions are not required because lengthy rectification calculations
are not done in real time. The calculations that do occur, interpola-
tions of buffered magnetic tape data, are simple and take place in the
background program as opposed to the clock program. Therefore, time
requirements are not stringent.

The computer still must have a clock feature to provide {
y for interval interrupts. Rectifier outputs must be accurately spaced to i
yield smooth servo motion. Interfacing between the computer and the

rectifier unit should be readily handled, and the computer should support

1 several peripheral devices for I1/0.
ii There are two software requirements for the computer. First,
i there must be diagnostic programs which test the equipment supplied by 5
1 the computer's manufacturer. Second, there must be developmental system o
software consisting at least of an editor, an assembler, a loader, and -

a debugger. There is no need for a FORTRAN compiler or an operating

system. The routines written in FORTRAN in the independent controller !

system are the routines that perform the rectification calculations. These " i

routines do not appear in the tape-driven controller system. Largely i

because of no necessity for FORTRAN or an operating system, less memory 'f

is required by the tape-driven system. g
|

2
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For the same reasons mentioned in Section 2.2.1, a disk !
would appear desirable as a peripheral device for the tape-driven system,
However, it is not necessary. Operating time lost by loadirng programs into
memory from paper tape can be made up in other ways. For example, setup
time on the tape-driven system should be shorter than on the independent
! controller system due to the need for less operator-program communication.

1 Without a disk, a high speed paper tape reader/punch is a ¥
necessity to be used during applicatior program development and for load- |
ing the EOR programs into the production systems. (This assumes that the N
computer manufacturer's software package is available on paper tape and l

o not on magnetic tape.) Additionally, servo correction data resulting

- 3 from calibration of the EOR unit's carriages would be punched on tape
during calibration mode. The resulting tape would subsequently need to
- i be read whenever the rectification program tape is read into memory.
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A magnetic tape unit is an obvious peripneral device require-
ment for the tape-driven controller system since the nagnetic tape output
of the 1108 needs to be read if it is to be used to drive the EOR system.
The only remaining devices needed are a CRT terminal and a teletype.

There is not a great deal of operator-program communication, so a teletype
would be an adequate terminal for the tape-driven system except for one
drawback. A CRT terminal with an addressable cursor is necessary if a
continuous dynamic display of changing data is desired. Assuming then
that a CRT terminal is used for communication between the aperator and

the programs, the teletype is needed only for program development as in
the case of the independent controller system.

2.2.3 Dual System Controller

There are two hardware configurations possible for the dual
system controller. Which configuration is used depends on the desired
method for operating the two EOR units. If one operator is to direct tlke
functioning of both units, hardware would consist of a computer, a disk,
one CRT terminal, one magnetic tape unit (or two if the dual system is
to be tape driven), and a teletype. Under this configuration the two
e, EOR units do not function completely independently. Any operator-

/ program communication required during rectification setup, calibra-
tion operations, and diagnostic proredures must be directed toward one
unit or the other. The only simultaneous functioning able to be

y | envisioned is the operator communicating with the program concerning
one unit while the other unit is busy rectifying. If the two EOR units
o are to operate completely simultaneously and independently, another CRT
terminal for a second operator must bz added to the above hardware con-
= figuration.

PR

Regardless of the precise configuration, the computer in
both cases must be one that is comparable to Digital Equipiment Corporation's
PDP-11/45 in speed and available features. Particularly if the dual
system is not tape-driven, a hardware floating-point processor is
required to make the computer fast enough to handle two sets of rectifi-
cation calculations in one clock cycle. Because of program complexity
memory should be expandable to 64K and the computer should be equipped
with programmable priority interrupts. Considering aesthetics alone,
priority interrupts and computer speed keep the operators in a two-person
configuration from noticing lags in the operation of their individual
CRT terminals., At a deeper level, these two features are required for
simultaneous functioning of the EOR units. A disk with complete disk
operating software is considered essential for the dual system controller.
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2.3 COMPUTER PROGRAMS STUDY

The computer programs study was undertaken to determine the best
destygn for the new LOR system programs. The study concentrated on the
preferred independent controller system approach; consequently, this sec-
tion discusses the study effort with respect to that approach. Because
the recommended new system is completely self-contained, the study was un-
encumbered by concern for compatibility with other systems. The only
restrictive considerations involved the new system's computer. The pro-
grams had to be designed for available hardware and software, and the cost
of such hardware and sofiware could not be prohibitive. The configura-
tion outlined in Section 2.2.1 was assumed.

Program design depends to a large extent on intended methods for
operating a system. The first step in the study, thereiore, was to define
desirable operating characteristics for the new EOR system, Specifically,
a choice had to be made between operating flexibility and strict computer
control.

In a system operated under strict computer control the program leads
the operator step-by-step through all functions that must be performed.
At each step the program asks the operator to make a yes/no decisionm,
requests data entry, or tells the operator to perform some operation. The
operator's response is checked by the program to see if it is appropriate.
Consequently, the system is closely guarded against operator error.
Purthermore. the cperator can be relatively untrained and still operate
the system. The major disadvantage of strict computer control is its
rigidity. The operator cannot deviate at all from the operating path
provided by the programs. Exceptional conditions that may require a
slightly different procedure cannot be handled withiout changing the pro=
gram itself, Also, should the operator make a mistake that is undetect-
able by the program, he is unable to correct his mistake without starting
the programs over again.

In a system designed for operating flexibility the operator tells
the program what to do next. The program might list a menu of possible
functions for . ‘'e operator to perform, but the operator orders the functions
himself. He z.lso enters data whenever he pleases. The program, in
general, does not question the operator's actions. Consequently, a
system operated in this fashion may be more prone to error, especially
in the hands of an untrained operator. An advantage of the flexibile
system is, however, that operator mistakes are easily corrected without
having to start operations over again,

For the new EOR system a choice was made in favor of the flexible
approach. Operation of the EOR system is not complex. Only a limited
aumber of functions needs to be performed for each rectification. Once
the operator is familiar with the system he should make very few mis-
takes. In short, the advantages of the flexible approach were judged to
be of greater importance than the advantages of a strictly controlled
computer system,
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As soon as the flexible approach was selected, it became clear
that the program handling the CRT terminal's I/0 would be of central
importance in the new EOR system. The operator can type entries to the
program at any time and the program must always be ready to receive them,
Onc way to make sure that no typed inputs are missed is to operate the CRT
terminal in an interrupt-driven mode. However, it is not necessary to
use CRT interrupts if the program has little computing to do and few
peripheral devices are being used. Without interrupts the program must
loop continually looking for CRT terminal inputs. The critical factors
in determining whether or not to use interrupts are (1) what the program
is doing besides CRT I1/0 and (2) how much time is required by the routines
servicing CRT I/0. In the case of the new EOR system the only operations
occurring in addition to the servicing of CRT I/0 are the handling of the
disk peripheral device and the performance of real time calculations in i
response to regular interrupts. Both disk handling and real time clock P
calculations are more important program functions than CRT I/0 servicing.
Therefore, if CRT interrupts were to be used they would have :to be at a
lower priority level than the disk and clock interrupts. Furthermore,
although it is difficult to judge the time requirexents of the CRT 1/0
servicing routines, it is expected that these servicing routines are not
especially time-consuming. As a consequence it was decided to design the
programs assuming that the CRT terminal is not operated in an interrupt-
driven mode. Because of this assumption the CRT handler must be the
core of the background program in the sense that it must be executed
repeatedly and often,

Beyond being a function of operating procedures, program design
also depends on the probability that the programs will need to be changed
or expanded at a later date. If expectations are high that changes and

additions are likely, it is best to do the following three things: | A2 “

(1) Separate the programs into program secticns or modules, ‘
Then when changes are made only the changed modules, not
all of the programs, need to be assembled or compiled and |
linked to the other program sections, i

(2) Develop an overlay structure. There is then less chance i
of running out of room in core memory when changes and ]
additions are made,

(3) Write the programs in a high level language such as
FORTRAN. Programs written in high level languages are
more easily understood and changed.

For the new LEOR system,future changes and additions are most likely for
tliose program sections in which the actual rectification calculations
take place. Several rectification options (frame, panoramic, linear
enlargement, etc,) are desired currently, and new options probably will
be added at a later date. Consequently, it was decided that the pro-
grams required by each rectification option should comprise one pro-
gram module, Furthermore, especially since only one option can be used
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at a time on the rectifier, the rectification programs should be stored
on disk in mutually exclusive overlays where one overlay exists for each
option. The rectification calculations for each option fall naturally
into two divisions: those performed once to initialize rectification
variables and those execited repeatedly to generate positioning informa-
tion throughout the rectification process. It was Jernided that each

set of calculati ms should be written in FORTRAN in a well-defined for-
mat and stored as a subroutine. The first subroutine is called the
initialize routine and the second is called the update routine.

The next step in the study was to resolve a problem concerning
the update routine. Each pass through the routine results in new copy
platen, lens carriage, and copy carriage positions for the next scan.
The clock program then has the responsibility of using the computed values
to position the servos. The update routine is time-critical because
position information must be available for the clock program when the
clock program is ready for it. Otherwise, the servos will not run
smoothly and at maximum speeds. Therefore, a method of running the
update routine on a regular basis had to be found.

Two methods of ensuring a regularly executed update routine were
considered. The first method is depicted in Figure 2-1. The routine is
performed at a priority level below the clock program but above the back-
ground program. Execution of the update routine is triggered by the
clock program at the end of every nth clock cycle. Platen and carriage
positions computed by the routine are metered out to the servos by the
clock program over n clock cycles. The primary advantage of this method
is that the execution time of the update routine is not limited severely.
Its only time restrictions are the following:

(1) The update routine must complete its calculations within
n clock cycles while the clock program is metering out the
update routine's last previous results.

(2) There must be enough time left over during the n clock
cycles and n must be small enough to allow frequent execu-
tion of the background program.

Two disadvantages of this method relate to program complexity. They are:

(1) The metering out of positional changes to the servos is an
extra task for the clock program to perform, If a different
update rate (n) is allowed for each rectification option,
the task becomes more complicated.

The manner in which the clock program triggers the update
routine requires either extra hardware or additional software.
The extra hardware approach involves an interrupt able to be
set by the clock program to go off as soon as the clock cycle
has completed. The interrupt starts the update routine. The
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additional software approach requires tne clock program
to jump directly to the lower priority update routine at
the end of every ath clock cycle. Special bookkeeping is
required to ensure that the update routine returns to the
clock-interrupted jocation in the background program when

it is finished.

SERVO OUTPUTS M2 SERVO OUTPUTS M- SERVO OUTPUTS M
|
s e - -1 - —+— p—t—f—+—+- - - CLOCK PROGRAM
w2 ndl all 2 mt o n] 1 2 n-'ln'l!!l.‘i
TRIGGER TRIGGER TRIGGER
UPDATE M1 UPDATEM UPDATE M+1 UPDATE ROUTINE

A-276 6

Figure 2-1 - Update Method I

The second method considered for executing the update routine is

to call the subroutine as part of the clock program itself. Assuming

the clock must cycle at 100 times per second for optimum servo operation,
the routine is called every clock cycle or at some slower rate such as
every other clock cycle. The rate depends on the amount of time needed
by the background program. Regardless of the computation rate, the
update routine must fit time-wise into one 10-ms clock cycle. To deter-
mine whether or not update routines can be completed within this time
regtriction on equipment under consideration, benchmark tests were per=
formed on a PDP 11/35 computer. The tests were run twice. The first
time they were rTun using the computer's floating-point option. The
second time only an extended instruction set that includes hardware
multiply and divide was used. Each test was written in FORTRAN to time-
repetitive frame calculations under a different condition. The frame
calculations were chosen because they seem to be the most demanding of
all the rectification options, especially when the position of the recti-
fied image (Vk) is less than or equal to 2ero. Under that situation

the most FORTRAN library functions aré called, and FORTRAN functions

are time-consuming. Each test follows the format depicted in the
flowchart of Figure 2-2. The calculations that ''compute jnitial values
for quantities needed later" are a subset of those that take place in
the frame initialize routine. When a FORTRAN PAUSE statement occurs on
the PDP 11/35, an action message 1s printed on the teletype. Typing

O continues the program. By continuing the program after the first
PAUSE and keeping track of elapsed time until the second PAUSE it can be
determined how long it takes for 10,000 iterations of the frame calcula-
tions to occur. Division of elapsed time by 10,000 yields the time it
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Figure 2-2 Flowchart of Benchmark Tests
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takes for one iteration to occur. The initial position of the rectified
image is printed before the first PAUSE and the final position of the
rectified image is printed after the second PAUSE as a check on the test
program. All of the test programs set the drum velocity input data item
to a value of 0.0005 in,/scan. Therefore, in 10,000 iterations the
expected positional change of the rectified image is 5 in. The listings
of the tests and the printouts resulting from running them are contained
in Appendix B. The input data items used and the results of the tests
are summarized in Table 2-1. Things to note about the tests are:

(1) Test 2, in which the Vk position of the rectified
image is almost exclusively less than or equal
to zero, took the longest time to execute.

(2) Although the data for test 1 is more complex than the
data for test &4, they took about the same amount of
time to run. In both of these tests the position of
the rectified image is generally positive.

(3) The time for test 5, in which the position of the
rectified image is positive half of the time and
negative half ot che time, is the expected result,
That is, test 5 ran in a time that is half way
between the results of test 2 and the results of
test 4.

(4) The tests took over three times longer to run when
only the extended instruction set was used instead
of the floating-poin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>